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This study examines the integration of Lean Healthcare principles and
simulation modeling as a combined approach to improving operational
efficiency, reducing costs, optimizing resource utilization, and enhancing
patient satisfaction in healthcare settings. A total of 190 peer-reviewed
articles were systematically reviewed following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines to
ensure a transparent, rigorous, and comprehensive analysis. The findings
reveal significant improvements in key metrics, including reductions in
patient wait times (15% to 40%), cost savings (10% to 35%), and enhanced
resource utilization (15% to 40%) across various departments such as
emergency, outpatient clinics, surgical units, and pharmacies.
Furthermore, patient satisfaction scores improved by 20% to 50%,
reflecting the value of these methodologies in creating patient-centered
healthcare operations. However, the study also identifies critical gaps,
including limited research on the long-term sustainability of these
interventions and their applicability in rural and low-resource hospital
settings. Despite these challenges, the review underscores the
transformative potential of Lean and simulation approaches, offering
actionable insights for healthcare administrators and policymakers
striving to balance efficiency, quality, and sustainability in complex
healthcare environments.

1 INTRODUCTION

Health and safety are fundamental aspects of early
childhood education (ECE), forming the foundation
The rising operational costs in the U.S. healthcare sector
have become a significant concern, threatening the
sustainability of hospitals while putting financial
pressure on patients and providers alike (Sai et al.,
2020). According to Thapa et al.(2018), U.S. hospitals
spend approximately $1.2 trillion annually on
operational processes, with inefficiencies accounting
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for a substantial portion of this expenditure. Factors
such as redundant workflows, suboptimal resource
allocation, and extended patient wait times contribute to
this inefficiency, as highlighted by Austin et al. (2020).
These challenges necessitate innovative strategies to
streamline operations without compromising patient
care quality (Stewart et al., 2018). Lean Healthcare, a
methodology derived from Lean Manufacturing, has
gained prominence as an effective approach to eliminate
waste and optimize processes in healthcare
environments (Jausovec & Gabrovec, 2023). In

11|Page


https://journal.aimintlllc.com/index.php/JNES/index
mailto:tahmid.info@gmail.com
mailto:kislam4@lamar.edu
mailto:amjadhossaintex@gmail.com
mailto:rabbekhan99@gmail.com
https://orcid.org/0009-0001-4214-8834
https://orcid.org/0009-0003-4393-5607
https://orcid.org/0009-0002-5914-7894
https://orcid.org/0009-0003-5023-1763

Journal of Next-Gen Engineering Systems
Page No: 11-28

addition, lean healthcare principles emphasize value
creation for patients by focusing on activities that
directly improve patient outcomes while eliminating
non-value-adding processes (Stewart et al., 2018).
Numerous studies have demonstrated the benefits of
Lean in reducing hospital costs, such as improved
workflow efficiency, reduced patient throughput times,
and minimized inventory costs (Heaton & Parlikad,
2020). For instance, Kuhl et al. (2006) reported a 30%
reduction in operational costs in a mid-sized hospital
after implementing Lean practices in its emergency
department. Furthermore, Lean approaches foster a
culture of continuous improvement, encouraging staff
to identify and address inefficiencies in real-time
(Aisheh et al., 2021). This cultural shift can lead to
sustained operational efficiencies, as evidenced by
recent case studies in high-performing hospitals (Castka
et al., 2004). While Lean Healthcare is instrumental in
addressing inefficiencies, simulation-driven process
optimization complements its principles by providing a
data-driven method to model and test operational
strategies (Kuhl et al., 2006). Simulation modeling
enables healthcare administrators to experiment with
process changes in a virtual environment, thereby
mitigating the risks of real-world disruptions (Pan &
Zhang, 2021). Studies indicate that integrating
simulation tools with Lean principles significantly
enhances decision-making in resource allocation,
patient flow management, and scheduling (Stewart et
al., 2018). For example, Austin et al. (2020) utilized
simulation-driven optimization to redesign a hospital's

surgical scheduling system, resulting in a 25% increase
in resource utilization efficiency.

Furthermore, the integration of Lean Healthcare and
simulaion modeling has emerged as a critical strategy
for improving hospital operations, with substantial
evidence supporting their combined effectiveness
across various settings (King et al., 2006). Lean
Healthcare provides a systematic framework for
eliminating waste and streamlining workflows, which
creates a foundation for operational improvements
(Radnor et al., 2011). Simulation modeling enhances
this framework by enabling predictive and scenario-
based analyses that guide more precise process
optimization. In a comprehensive review of 45 studies,
Parkh (2019) found consistent evidence that the
combination of Lean and simulation methodologies
significantly reduces costs and enhances patient
satisfaction. Simulation modeling, as highlighted by
Improta et al. (2019), complements Lean principles by
allowing healthcare administrators to test process
changes virtually, minimizing disruptions to real-world
operations. Furthermore, the ability to analyze complex
interactions between hospital workflows using
simulation provides actionable insights for addressing
inefficiencies and improving patient flow (Parkhi,
2019). This synergy has proven valuable in diverse
hospital departments, demonstrating the potential for
cost-effective and efficient healthcare delivery.
Moreover, one of the key advantages of simulation
modeling is its ability to assess multiple scenarios,
enabling hospitals to adapt quickly to fluctuating patient
volumes and resource constraints. Hussain and Malik

Figure 1: Key Benefits of Lean Healthcare Management in Elevating Patient Care
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(2016) emphasized that simulation-driven optimization
offers valuable flexibility, particularly in dynamic
environments. The adaptability of these tools has
proven essential during periods of crisis, such as
pandemics or natural disasters, where operational
resilience is critical (Abdallah, 2020). For instance,
Improta et al. (2019) applied Lean principles alongside
simulation modeling to redesign outpatient clinic
workflows in a mid-sized hospital. Their approach
resulted in a 20% reduction in patient wait times and
significant improvements in resource utilization.
Similarly, Souza et al. (2020) demonstrated how
simulation models identified bottlenecks in a hospital’s
pharmacy department, leading to a 15% cost savings in
medication delivery processes. These case studies
illustrate the practical application of Lean and
simulation methodologies, confirming  their
effectiveness in  addressing inefficiencies and
enhancing operational performance in healthcare
settings (Narayanamurthy & Gurumurthy, 2018).
Although Lean Healthcare and simulation modeling
offer significant benefits, their implementation poses
certain challenges, primarily related to the need for
interdisciplinary collaboration and the requirement for
substantial initial investments. Abdallah (2020) noted
that achieving success in such integrations depends
heavily on effective communication between clinical,
administrative, and technical teams. Despite these
barriers, several hospitals have demonstrated the
feasibility of this approach through comprehensive case
studies and empirical analyses. For instance, Abdallah
(2020) reported a 30% reduction in emergency

department operational costs following the integration
of Lean practices and simulation tools. Hussain and
Malik (2016) found similar results in surgical
departments, where simulation-driven optimization
enhanced resource allocation and scheduling, leading to
improved efficiency and patient outcomes. By
synthesizing findings across multiple healthcare
settings, researchers have consistently shown the
practical advantages of combining Lean Healthcare
with simulation modeling, establishing this approach as
a transformative tool for operational improvement in
hospitals.

The primary objective of combining Lean Healthcare
principles with simulation-driven process optimization
is to minimize operational inefficiencies in U.S.
hospitals while ensuring the delivery of high-quality
patient care. Lean Healthcare focuses on eliminating
waste, streamlining workflows, and optimizing
resource allocation to improve efficiency and reduce
costs. Simulation modeling supports this goal by
enabling hospital administrators to test and refine
operational changes in a virtual environment, providing
insights into the most effective strategies without
disrupting ongoing processes. Together, these
approaches aim to achieve measurable outcomes,
including reduced patient wait times, enhanced resource
utilization, and significant cost savings. By integrating
these methodologies, this research seeks to establish a
practical and evidence-based framework for healthcare
organizations to optimize operations and improve
overall performance.

Figure 2: Integration of Lean Healthcare and Simulation Modeling
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2 LITERATURE REVIEW

The literature on operational cost reduction in U.S.
hospitals demonstrates a growing focus on the
application of Lean Healthcare principles and
simulation-driven  process  optimization.  These
methodologies have emerged as powerful tools for
addressing inefficiencies in healthcare systems, driven
by the need to balance financial sustainability with
high-quality care delivery. Research indicates that Lean
Healthcare significantly improves workflow efficiency
by eliminating waste, while simulation modeling
enhances decision-making through predictive analytics
and scenario testing (Improta et al., 2019; Spagnol et al.,
2013). This section provides a structured analysis of
existing studies, categorizing them into key themes that
highlight the theoretical foundations, practical
applications, challenges, and outcomes of these
methodologies. By synthesizing findings across various
contexts, this review aims to establish a comprehensive
understanding of the impact of Lean Healthcare and
simulation-driven optimization on operational costs,
resource utilization, and patient outcomes in U.S.
hospitals.

2,1 Historical Development of Lean Principles in
Healthcare

The origins of Lean principles can be traced back to the
Toyota Production System (TPS), developed by Taiichi
Ohno in the mid-20th century, emphasizing efficiency,
waste elimination, and value creation for customers
(Daultani et al., 2015). Over time, these principles were
adapted to the healthcare sector to address operational
inefficiencies and improve patient outcomes. Early
applications of Lean in healthcare were largely inspired
by the success of manufacturing industries, with an
emphasis on streamlining processes and reducing non-
value-adding activities (Abdallah, 2020; Daultani et al.,
2015). For example, Burgess and Radnor (2013) noted

that Lean practices in healthcare began gaining traction
in the 1990s when hospitals in the United States started
adopting methods such as value stream mapping and
Kaizen to identify inefficiencies and enhance patient
care. These early initiatives demonstrated the versatility
of Lean methodologies in non-industrial contexts,
paving the way for more widespread adoption in the
healthcare industry. The initial focus of Lean in
healthcare was on addressing common inefficiencies
such as prolonged patient wait times, workflow
bottlenecks, and redundant processes. According to
Narayanamurthy and Gurumurthy (2018), Lean
principles were first applied in hospitals to improve
emergency department operations, where delays and
overcrowding were prevalent issues. Case studies by
Radnor et al. (2011) and Spagnol et al. (2013) showed
that hospitals implementing Lean techniques in the
early 2000s reported significant reductions in patient
throughput times and enhanced resource utilization.
Additionally, the incorporation of Lean tools like 5S,
visual management, and just-in-time (JIT) scheduling
allowed healthcare providers to improve their
operational efficiency while maintaining or enhancing
care quality (Khorasani et al., 2020). These early
applications established Lean as a practical framework
for optimizing healthcare delivery, particularly in high-
pressure and resource-constrained environments.

The evolution of Lean principles in healthcare
expanded beyond operational efficiency to include
patient-centered care and continuous improvement.
Abdallah (2020) highlighted that Lean methodologies
began to integrate quality improvement initiatives,
emphasizing the elimination of errors and defects in
clinical processes. This shift was particularly evident in
surgical and pharmaceutical departments, where
precision and error minimization are critical (Parkhi,
2019). Spagnol et al. (2013) documented the application
of Lean in optimizing surgical scheduling and inventory

Figure 3:Evolution of Lean Principles in Healthcare
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management, resulting in fewer surgical delays and
reduced material wastage. The growing emphasis on
patient value and satisfaction further solidified Lean as
a holistic approach to healthcare management, moving
beyond its origins in manufacturing to address the
complexities of clinical and administrative workflows.
By the mid-2010s, Lean principles were firmly
established as a cornerstone of healthcare process
improvement, supported by an expanding body of
empirical evidence (Khorasani et al., 2020) reviewed
over 50 studies and found consistent improvements in
cost savings, patient satisfaction, and operational
efficiency across a wide range of healthcare settings.
Moreover, the adaptability of Lean principles allowed
healthcare institutions to tailor their implementation to
specific challenges, such as capacity management and
staff engagement (Souza et al., 2020). Studies by
Adebanijo et al. (2016) and Abdallah (2020) emphasized
the role of leadership in fostering a culture of
continuous improvement, which is central to the
sustainability of Lean practices in healthcare. These
advancements highlight the dynamic evolution of Lean
principles, reflecting their enduring relevance in
addressing the multifaceted challenges of modern
healthcare operations.

2.2 Fundamentals of Simulation Modeling in
Process Optimization

Simulation modeling is a powerful tool for process
optimization, offering a structured approach to analyze
and improve complex systems. Initially developed in

fields such as manufacturing and logistics, simulation
modeling has been adapted for use in healthcare to
address inefficiencies and optimize resource utilization
(Souza, 2009; Grove et al., 2010). Abdallah (2020)
define simulation modeling as the creation of a virtual
representation of real-world systems to evaluate the
impact of different operational strategies. This
technique enables decision-makers to test various
scenarios and identify the most effective solutions
without disrupting ongoing processes. According to
Daultani et al. (2015), discrete event simulation (DES)
is one of the most widely used techniques in healthcare,
allowing administrators to model patient flow, resource
allocation, and scheduling with precision. Studies by
Baril et al. (2014) demonstrated that DES could
effectively reduce bottlenecks in hospital operations,
particularly in emergency departments, by simulating
different staffing levels and patient arrival patterns. The
application of simulation modeling in healthcare
extends to a variety of settings, from outpatient clinics
to surgical wunits. Simulation tools have been
instrumental in optimizing patient flow, a critical factor
in improving operational efficiency. For example,
McCulloch et al. (2010) used simulation to model
patient throughput in a high-volume outpatient clinic,
achieving a 20% reduction in wait times. Similarly,
Burgess and Radnor (2013) highlighted the use of
simulation to evaluate scheduling strategies in operating
rooms, resulting in improved resource utilization and
reduced surgery delays. These studies underscore the
versatility of simulation modeling in addressing unique

Figure 4: Simulation Modeling in Healthcare Optimization
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challenges across diverse healthcare environments.
Furthermore, the integration of real-time data into
simulation models has enhanced their accuracy and
relevance, as noted by Baril et al. (2014), who reported
improved outcomes in hospital bed management
through dynamic simulation techniques.

2.3 Synergistic Potential of Lean and Simulation
Approaches

The integration of Lean Healthcare and simulation
modeling has been recognized as a powerful
combination for achieving process optimization and
cost efficiency in healthcare settings. Lean principles
focus on eliminating waste and improving workflows,
while simulation modeling provides a virtual platform
for testing and refining operational strategies (Baril et
al., 2014; Daultani et al., 2015; Wang, 2019). Together,
these approaches enable healthcare administrators to
design efficient systems that are both patient-centered
and resource-conscious. McCulloch et al. (2010)
reviewed over 50 studies and found consistent evidence
that combining Lean and simulation leads to significant
improvements in cost savings, operational efficiency,
and patient satisfaction. This synergy is particularly
effective because Lean identifies inefficiencies, while
simulation validates and fine-tunes solutions before
implementation (Burgess & Radnor, 2013). These

complementary roles highlight the potential of an
integrated approach in addressing the complex
challenges of modern healthcare operations. The
synergistic potential of Lean and simulation is further
illustrated in resource optimization and capacity
planning. Lean methodologies focus on streamlining
processes, while simulation provides quantitative
insights into resource utilization and system
performance under different conditions (Radnor &
Boaden, 2010). Mangla et al. (2014) demonstrated the
effectiveness of this combination in surgical
departments, where simulation was used to model
operating room schedules optimized by Lean principles,
leading to reduced surgery delays and increased
resource efficiency. Additionally, Stone (2012)
documented how simulation-driven optimization of
Lean inventory management strategies in hospital
pharmacies reduced medication stockouts by 30% and
minimized overstock costs. These findings demonstrate
how the integrated approach enables healthcare
organizations to achieve operational excellence while
maintaining cost-effectiveness.

The adaptability of Lean and simulation to diverse
healthcare contexts highlights their synergistic
potential. Rao (2013) noted that the integration of these
approaches has been successfully applied in areas
ranging from patient flow management to equipment

Figure 5: Synergistic Potential of Lean and Simulation Approaches
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maintenance scheduling. Baril et al. (2014) documented
a case study in which Lean principles and simulation
modeling were combined to improve hospital bed
management during periods of high demand, resulting
in better patient outcomes and more efficient resource
allocation.  Similarly, McCulloch et al. (2010)
highlighted the use of Lean and simulation in
optimizing  staffing  strategies in  emergency
departments, ensuring adequate patient care despite
fluctuating demand. These examples illustrate the
versatility and effectiveness of combining Lean and
simulation in addressing the multifaceted challenges of
healthcare operations, emphasizing their role in driving
sustainable improvements in efficiency and quality.

2.4 Lean Healthcare on Hospital Operations

Lean Healthcare has been instrumental in addressing
inefficiencies in hospital operations by systematically
identifying and eliminating waste. Derived from the
Toyota Production System, Lean principles aim to
streamline workflows, reduce redundancies, and
optimize the use of resources (Narayanamurthy &
Gurumurthy, 2018). Waste in healthcare often
manifests as excessive patient wait times, redundant
administrative  tasks, overstocked inventory, or
underutilized resources (Rouyendegh et al., 2016). By
employing tools such as value stream mapping,
hospitals can visualize the entire process and identify
areas of non-value-adding activities. Improta et al.
(2019) documented an intervention in an emergency
department that used value stream mapping to
streamline triage and patient discharge processes,

resulting in a 25% reduction in average patient
throughput time. Similarly, Bhattacharjee and Ray
(2014) demonstrated that Lean interventions in surgical
scheduling significantly reduced procedural delays,
improved operating room utilization, and shortened
preoperative wait times. These findings highlight how
Lean’s focus on waste reduction can lead to more
efficient workflows, ultimately benefiting both patients
and hospital staff.

Patient flow is a critical determinant of hospital
efficiency, and Lean Healthcare provides effective
solutions to address bottlenecks in this area.
Rouyendegh et al. (2016) emphasized that tools such as
process redesign and value stream mapping enable
hospitals to analyze patient flow and implement
solutions that streamline movement across departments.
For example, Bhattacharjee and Ray,
(2014)documented a Lean-driven project in a high-
volume outpatient clinic where patient flow was
optimized by redesigning appointment scheduling and
reducing unnecessary steps in the registration process,
leading to a 30% reduction in patient wait times.
Similarly, Hussain and Malik (2016) reported that Lean
principles were applied to improve hospital bed
management, enabling timely admissions and
discharges. These improvements not only reduce
congestion in critical areas such as emergency
departments but also enhance overall patient
experiences by minimizing delays and improving
access to care. In addition to improving operational
efficiency, Lean Healthcare has been shown to enhance

Figure 6: Lean Healthcare on Hospital Operations
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the quality of care by reducing errors and ensuring
consistency in service delivery. Rouyendegh et al.,
(2016) emphasized that standardization of processes, a
core principle of Lean, minimizes variability and
promotes best practices across clinical and
administrative workflows. Abdallah (2020) reported
that Lean interventions in an operating room led to a
15% reduction in surgical errors, achieved through
improved communication protocols and checklists.
Similarly, Burgess and Radnor (2013) highlighted a
case study in which Lean techniques were applied to
medication administration processes, reducing errors by
20% and enhancing patient safety. These examples
demonstrate that Lean principles not only improve
operational metrics but also have a direct positive
impact on clinical outcomes, reinforcing their value as
a comprehensive framework for hospital management.

2,5 Simulation-Driven Process Optimization in

Healthcare

Simulation modeling has emerged as a critical decision-
support tool for optimizing resource allocation in
healthcare settings. It allows administrators to create
virtual models of real-world systems, enabling the
testing of different resource allocation strategies
without disrupting ongoing operations (Improta et al.,
2019). By simulating patient arrivals, staffing levels,
and equipment usage, hospitals can better understand
the interplay between resources and demand.
Rouyendegh et al. (2016) highlighted that discrete event
simulation (DES) is particularly effective in analyzing
resource utilization, as it models individual events and

their effects on system performance. For instance,
Kaswan et al. (2019) used simulation to optimize
staffing levels in an intensive care unit, which resulted
in a 20% reduction in overtime costs and improved
patient-to-staff ratios. Similarly, Bhattacharjee and Ray
(2014) demonstrated the effectiveness of simulation in
reallocating surgical equipment, reducing idle time, and
enhancing overall resource efficiency. These findings
underscore the utility of simulation as a robust tool for
evidence-based  decision-making in  resource-
constrained environments.

Simulation modeling has proven highly effective in
managing patient flow and optimizing scheduling in
hospitals, addressing two of the most common
challenges in healthcare operations. Abdallah (2020)
documented a study where simulation was applied to
streamline outpatient clinic workflows, achieving a
25% reduction in patient wait times. By modeling
appointment  schedules and patient arrivals,
administrators were able to identify and mitigate
bottlenecks in the system. Similarly, Kaswan et al.,
(2019) emphasized the role of simulation in improving
emergency department throughput by testing different
triage and discharge protocols. Improta et al. (2019)
highlighted a case study where simulation was used to
optimize surgical scheduling, resulting in fewer
cancellations and a 15% increase in operating room
utilization. These applications demonstrate that
simulation provides healthcare administrators with
actionable insights into complex patient flow dynamics,

Fiaure 7: Simulation-Driven Process Optimization in Healthcare
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enabling more efficient allocation of time and resources
across departments.

2.6 Patient-Centric Metrics:
Throughput Times

Satisfaction and

Patient satisfaction and throughput times are critical
metrics for evaluating the effectiveness of operational
improvements in healthcare systems. Lean Healthcare
and simulation modeling have been widely recognized
for their ability to positively impact these metrics by
streamlining workflows and reducing delays. Singh and
Prasher (2017) emphasized that Lean principles, such as
value stream mapping and process standardization,
directly enhance patient experiences by minimizing
inefficiencies. For instance, Rouyendegh et al. (2016)
documented a Lean intervention in an outpatient clinic
that resulted in a 25% reduction in average patient wait
times, which significantly improved patient satisfaction
scores. Similarly, Hussain and Malik (2016) highlighted
that combining Lean with simulation modeling in a
high-volume emergency department reduced patient
throughput times by 30%, enabling faster service
delivery and boosting overall satisfaction. Kaswan et al.
(2019) found that optimized scheduling and workflow
adjustments using simulation led to a noticeable
improvement in patient perception of care quality, as
patients experienced fewer delays and better
communication. These studies underscore the value of
Lean and simulation in fostering patient-centric
healthcare operations. Simulation modeling, in
particular, plays a pivotal role in improving throughput
times by enabling healthcare providers to test and refine
operational strategies. Burgess and Radnor (2013)
demonstrated that simulation-driven optimization of
surgical scheduling reduced preoperative delays by
20%, enhancing both resource utilization and patient
satisfaction. Similarly, Improta et al., (2019)
documented a hospital case study where simulation was

used to evaluate alternative patient flow pathways,
resulting in a 15% reduction in bottlenecks and shorter
discharge times. Rouyendegh et al., (2016) further
illustrated how simulation modeling helped predict and
manage peak patient volumes in an ICU, ensuring
timely care delivery and improving patient experiences.
By focusing on these metrics, healthcare systems can
align operational improvements with patient needs,
creating a balance between efficiency and quality care.
These findings affirm the critical role of patient-centric
metrics  in  driving  meaningful  healthcare
transformations.

2,7 Financial Metrics: Cost Savings and ROI

Cost savings and return on investment (ROI) are
essential financial metrics for evaluating the impact of
Lean Healthcare and simulation modeling in hospital
operations. Lean principles focus on eliminating waste
and optimizing resource utilization, directly
contributing to financial efficiency (Kaswan et al.,
2019). Rouyendegh et al. (2016) emphasized that Lean
tools, such as value stream mapping and just-in-time
inventory management, have been instrumental in
reducing operational costs. For instance, Bhattacharjee
and Ray (2014) reported a 30% reduction in emergency
department costs through Lean-driven workflow
improvements.  Similarly, Narayanamurthy and
Gurumurthy (2018) documented a hospital pharmacy's
Lean initiative that streamlined inventory processes,
leading to a 25% reduction in waste and associated
costs. When combined with simulation modeling, these
financial benefits are further amplified. Souza et al.
(2020) demonstrated  that  simulation-driven
optimization of resource allocation saved $1.5 million
annually in a multi-department hospital by reducing idle
times and improving equipment utilization. These
studies highlight how Lean and simulation provide

Figure 8: Impact of Lean and Simulation on Key Healthcare Performance Metrics
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actionable frameworks for achieving significant cost
reductions while maintaining or improving care quality.
The integration of Lean Healthcare and simulation
modeling enhances ROl by enabling data-driven
decision-making and  maximizing  operational
efficiency. Simulation allows hospitals to evaluate
various operational strategies in a virtual environment,
reducing the risks and costs associated with trial-and-
error implementations (Bhattacharjee & Ray, 2014).
Hussain and Malik (2016) reviewed multiple case
studies and found that hospitals implementing
combined Lean and simulation approaches often
achieved ROI within one year of adoption due to the
substantial cost savings generated. For example,
Leeuwen and Does (2010) reported that simulation-
driven staffing optimizations in an intensive care unit
reduced overtime costs by 20%, significantly improving
ROI. Bhattacharjee and Ray (2014)further noted that
the combined approach in surgical departments not only
reduced costs but also increased patient throughput,
effectively balancing financial gains with service
improvements. These findings demonstrate that Lean
and simulation are powerful tools for driving financial
sustainability in healthcare, offering measurable returns
while ensuring efficient, patient-centered operations.

2,8 Operational Metrics: Resource Utilization and
Bottleneck Reduction

Resource utilization is a key operational metric in
healthcare that directly influences efficiency and
service quality. Lean Healthcare and simulation
modeling have proven effective in optimizing resource
usage by identifying inefficiencies and reallocating
resources where needed. Rouyendegh et al. (2016)
emphasized that Lean principles focus on eliminating
waste in resource management, such as overstocked
supplies, underutilized equipment, or inefficient staff
deployment. Kaswan et al., (2019) reported that
hospitals implementing Lean tools like just-in-time
inventory and process standardization achieved
significant improvements in resource utilization.
Abdallah (2020) highlighted a case study where
simulation modeling complemented Lean interventions
in a surgical department, leading to a 25% increase in
operating room utilization and a 15% reduction in idle
time. Similarly, Narayanamurthy and Gurumurthy
(2018) documented that simulation-driven optimization
in hospital pharmacies reduced overstocking by 30%
while ensuring sufficient supply levels, demonstrating
the synergy between Lean and simulation in achieving

efficient resource allocation. Bottleneck reduction is
another critical operational metric that reflects the
effectiveness of Lean and simulation in healthcare.
Bottlenecks, often resulting from inefficient workflows
or resource misallocation, can disrupt patient flow and
strain hospital operations. Lean principles, particularly
value stream mapping, are instrumental in identifying
bottlenecks, while simulation provides the tools to test
and validate solutions before implementation
(Rouyendegh et al., 2016). Abdallah (2020)documented
a Lean and simulation initiative in an emergency
department that reduced bottlenecks at triage and
discharge points, decreasing patient wait times by 20%
and improving throughput. Improta et al. (2019)
emphasized that simulation-driven interventions are
particularly  valuable for addressing dynamic
bottlenecks, such as those caused by fluctuating patient
volumes. For instance, Bhattacharjee and Ray (2014)
demonstrated how simulation identified optimal staff
schedules to reduce bottlenecks during peak hours in an
ICU, enhancing overall operational efficiency. These
studies highlight the combined potential of Lean and
simulation to address resource constraints and
bottlenecks, ensuring smoother operations and better
patient outcomes.

2.9 Gaps in the Existing Literature

A critical gap in the existing literature on Lean
Healthcare and simulation modeling is the lack of
research on their long-term sustainability in healthcare
settings. While numerous studies have documented
short-term gains in cost reduction, resource
optimization, and patient satisfaction, there is limited
evidence regarding the continued effectiveness of these
methodologies over extended periods (Singh & Prasher,
2017). Laursen et al. (2003) emphasized that Lean’s
success often hinges on sustained leadership
commitment and organizational culture, which may
wane over time. Similarly, McCulloch et al. (2010)
highlighted that simulation models, while effective
during initial implementation, require regular updates
and maintenance to remain relevant. Kaswan et al.
(2019) noted that only a small fraction of studies track
the outcomes of Lean and simulation initiatives beyond
the first year of implementation, leaving questions
about their durability and scalability unanswered. These
findings suggest a pressing need for longitudinal studies
to evaluate how hospitals can institutionalize these
practices for lasting benefits. Another gap lies in the
methodologies used to measure the long-term impacts
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of Lean and simulation. Many existing studies focus on
immediate operational and financial metrics, such as
throughput times and cost savings, without addressing
the broader organizational changes necessary for
sustained success (Ahsan et al., 2023; Narayanamurthy
& Gurumurthy, 2018). For example, Singh and Prasher
(2017) documented significant short-term  cost
reductions following Lean interventions but noted that
the absence of ongoing staff training and leadership
support diminished their effectiveness over time.
Rouyendegh et al. (2016) highlighted that the lack of
standardized frameworks for tracking long-term
outcomes complicates comparisons across studies.
Furthermore, the dynamic nature of healthcare
environments, characterized by evolving patient
demands and resource constraints, adds complexity to
evaluating sustainability (Hussain & Malik, 2016).
These gaps underscore the need for robust, multi-
dimensional methodologies that account for both
immediate and long-term impacts. Most studies on Lean
Healthcare and simulation modeling have been
conducted in urban or well-resourced hospitals, leaving
a significant gap in understanding their applicability in
rural and low-resource settings. Rural hospitals often

face unique challenges, such as limited access to
technology, smaller staff sizes, and higher patient-to-
resource ratios, which may hinder the implementation
of these methodologies (Laursen et al., 2003; Reza et
al., 2025). Narayanamurthy and Gurumurthy (2018)
emphasized that the cost and expertise required for
simulation modeling can be prohibitive for resource-
constrained  settings. Rouyendegh et al.(2016)
highlighted that while Lean principles can theoretically
be adapted to any context, the absence of empirical
evidence from rural hospitals limits confidence in their
effectiveness in such environments. These findings
indicate the need for research that explores how Lean
and simulation can be tailored to address the specific
challenges of rural healthcare systems.

Rural and low-resource hospitals also encounter
systemic barriers to adopting Lean and simulation
approaches, further contributing to the gap in the
literature. Financial constraints, limited access to
training, and resistance to change are common
challenges that impede the adoption of these
methodologies (Akhter et al., 2024; Singh & Prasher,
2017). For instance, Abdallah (2020) noted that many
rural hospitals lack the technical infrastructure

Figure 9: Identified Gaps for this study
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necessary for simulation modeling, making it difficult
to implement data-driven process optimization. Burgess
and Radnor (2013) observed that staff shortages in low-
resource settings often leave little room for the
collaborative and iterative processes required by Lean
practices. Additionally, Abdallah (2020) reported that
rural hospitals frequently struggle to secure the
leadership commitment necessary to sustain operational
improvements. Addressing these barriers requires
research focused on developing cost-effective and
context-specific strategies for implementing Lean and
simulation in underserved areas. The existing literature
also lacks insights into how Lean and simulation
methodologies can be adapted to suit the unique needs
of rural and low-resource hospitals. Kaswan et al.
(2019) emphasized that the one-size-fits-all approach
often employed in Lean and simulation studies fails to
account for the contextual differences in resource
availability, patient demographics, and operational
priorities. Kelendar and Mohammed (2020) suggested
that simplified simulation models and Lean tools could
be developed to accommodate the constraints of low-
resource environments, but such adaptations remain
underexplored. Similarly, Improta et al. (2019) noted
that tailored training programs and decentralized
decision-making frameworks could enhance the
feasibility of these approaches in rural settings. These
gaps highlight the importance of research that not only
documents the challenges faced by rural hospitals but
also proposes innovative, scalable solutions to bridge
the divide between well-resourced and underserved
healthcare systems.

3 METHOD

This study followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines, ensuring a transparent, systematic, and
methodologically rigorous approach to reviewing the
existing literature. The PRISMA framework is widely
recognized for enhancing the clarity, accuracy, and
replicability of systematic reviews by providing a
structured protocol for identifying, screening, and
analyzing relevant studies. By adhering to these
guidelines, this study aimed to conduct a
comprehensive and unbiased review to address the
research objectives effectively. The methodology
consisted of multiple clearly defined stages, each
designed to refine the search process and ensure the
inclusion of high-quality, relevant studies. The process

began with a comprehensive identification of relevant
articles across a range of academic databases, followed
by a systematic screening of the retrieved records to
eliminate duplicates and irrelevant studies. Full-text
articles were then assessed for eligibility based on
predefined inclusion and exclusion criteria. Finally, the
selected studies underwent detailed data extraction and
synthesis to derive meaningful insights aligned with the
research focus. Each stage of this rigorous process is
described in detail below, highlighting the systematic
approach employed to ensure the validity and reliability
of the findings..

3.1 ldentification of Articles

The initial step involved a comprehensive search for
relevant literature across multiple databases, including
PubMed, Scopus, Web of Science, and Google Scholar.
Keywords such as "Lean Healthcare,” "simulation
modeling,"” "healthcare optimization," "resource
utilization," "cost savings," and "patient satisfaction"
were used in various combinations. Boolean operators
(AND, OR) and wildcard characters (*) were employed
to expand the search. A total of 1,250 articles were
identified from the databases, with an additional 35
records obtained through manual searches of reference
lists from key studies and review articles. The search
was limited to peer-reviewed journal articles published
in English between 2010 and 2023 to ensure
contemporary relevance.

3.2 Screening of Articles

The articles identified in the initial search were screened
for relevance and quality. Duplicates were removed
using reference management software, reducing the
pool to 1,065 unique articles. Titles and abstracts were
then reviewed independently by two researchers to
assess relevance based on predefined inclusion criteria:
(1) studies focusing on Lean Healthcare and/or
simulation modeling in healthcare, (2) studies reporting
operational, financial, or patient-centric outcomes, and
(3) empirical or review-based research. Articles that did
not meet these criteria or were unrelated to healthcare
operations were excluded, leaving 352 articles for full-
text review.

3.3 Eligibility Assessment

Full-text versions of the 352 articles were retrieved and
assessed against detailed inclusion and exclusion
criteria. Inclusion criteria required studies to explicitly
report data on cost savings, resource utilization,
bottleneck reduction, or patient satisfaction linked to
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Lean or simulation approaches. Studies focusing
exclusively on theoretical frameworks or unrelated
industries were excluded. During this phase, 162
articles were excluded for not meeting the criteria,
leaving 190 articles eligible for detailed analysis. To
ensure reliability, a third reviewer resolved any
discrepancies in inclusion decisions.

Final Inclusion

Data extraction was performed using a standardized
form to collect key information from the 190 eligible
articles. Extracted data included author names,
publication year, study objectives, methodologies,
sample size, key findings, and reported outcomes
related to Lean and simulation applications. The data
were then synthesized to identify recurring themes,
trends, and evidence gaps. For consistency, data
extraction was independently verified by a second
researcher, and any discrepancies were resolved
through consensus.

4 FINDINGS

The review revealed significant improvements in
operational efficiency and the reduction of bottlenecks
through the combined application of Lean Healthcare
and simulation modeling. Among the 190 reviewed
articles, 120 studies emphasized the effectiveness of
these methodologies in addressing operational
inefficiencies, particularly in high-pressure
environments such as emergency departments,
outpatient clinics, and surgical units. With over 200
citations supporting these findings, the evidence
highlighted that bottlenecks in triage, discharge
processes, and patient flow were mitigated through
interventions such as value stream mapping and
simulation-based scenario testing. In over 60% of the
reviewed studies, hospitals reported a reduction in
average patient wait times ranging from 15% to 40%,
depending on the complexity of their workflows and the
scope of intervention. These improvements not only
optimized the utilization of hospital resources but also
ensured smoother transitions across various stages of
care delivery, reducing delays and improving overall
operational efficiency.

Cost reduction emerged as a prominent outcome, with
150 articles documenting substantial financial savings
as a result of Lean and simulation interventions. These
studies, collectively cited over 300 times, demonstrated
savings in operational costs ranging from 10% to 35%.
Specific examples included reductions in inventory

waste, streamlined staff schedules, and enhanced
resource allocation. Approximately 70 studies detailed
annual cost savings between $500,000 and $2 million,
with  larger  hospitals and  multi-department
interventions vyielding the most significant results.
Additionally, over 80% of studies that analyzed
financial outcomes reported that hospitals achieved a
return on investment (ROI) within the first year of
implementation. This consistent evidence underscores
the financial feasibility and sustainability of integrating
Lean and simulation methodologies into healthcare
operations (See figure 10).

The impact on patient satisfaction was a key finding,
with 110 of the reviewed studies reporting significant
improvements. Supported by over 250 citations, these
studies demonstrated that reductions in patient wait
times, improved communication, and enhanced care
delivery contributed to increased satisfaction levels.
Patient surveys revealed that satisfaction scores
improved by 20% to 50% across various settings,
including outpatient clinics and emergency departments
where the interventions directly impacted patient
experiences. Notably, 45 studies highlighted feedback
from patients who appreciated the perceived efficiency
and responsiveness of healthcare providers, which were
direct outcomes of Lean and simulation initiatives.
These improvements were particularly evident in
hospitals where patient-centric metrics were prioritized
alongside operational goals, reinforcing the dual value
of these methodologies in optimizing care delivery and
patient satisfaction.

Improvements in resource utilization were observed in
130 studies, which accounted for over 270 citations in
the reviewed literature. Resource utilization rates
increased by 15% to 40%, depending on the context and
intervention. Hospitals achieved these gains through
optimized staffing schedules, better space management,
and more effective equipment usage. For example, 50
studies detailed significant improvements in surgical
departments, where operating room efficiency was
enhanced through simulation-based scheduling and
Lean workflow redesign. Pharmacy departments also
saw notable benefits, with reductions in medication
waste and improved inventory management reported in
30 studies. These findings demonstrated that Lean and
simulation methodologies not only reduced resource-
related costs but also ensured better alignment between
patient demand and resource availability, further
enhancing hospital efficiency.
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Another significant finding was the seamless
integration of Lean and simulation methodologies to
create cohesive workflows across hospital departments.
Of the 190 articles, 90 studies highlighted how these
approaches complemented each other in reducing
redundancies and improving coordination among
clinical and administrative teams. Simulation modeling
provided a platform to test and validate Lean-driven
interventions, such as reorganizing patient admission
protocols or streamlining discharge processes.
Hospitals that adopted both methodologies reported
improvements in workflow synchronization, with 30%
faster transitions between departments and fewer errors
in care coordination. These outcomes were especially
prominent in hospitals with interdisciplinary teams that
effectively collaborated to implement and monitor these
interventions. While the review demonstrated
overwhelmingly positive outcomes, variability in
success was observed across different hospital settings.
Of the 190 reviewed articles, 70 studies identified
challenges related to leadership commitment, staff
engagement, and the adaptability of Lean and
simulation methodologies to diverse contexts.
Supported by over 150 citations, these findings showed
that hospitals with  strong leadership and
interdisciplinary  collaboration  achieved  more

consistent and sustainable improvements. In contrast,
facilities in rural or low-resource settings often
struggled with implementation due to limited access to
technology, financial constraints, and resistance to
change. These challenges highlight the importance of
tailoring interventions to specific organizational
capacities and resource availability to ensure success.
Moreover, a notable gap in the literature was the limited
focus on the long-term sustainability of Lean and
simulation interventions. While short-term gains were
well-documented, only 30 studies out of the 190
reviewed addressed outcomes beyond the first year of
implementation. These studies indicated that sustaining
improvements required continuous leadership support,
regular staff training, and ongoing updates to simulation
models to reflect changing operational demands. The
lack of longitudinal studies leaves questions
unanswered about the durability and scalability of these
methodologies over time. Hospitals that demonstrated
long-term success attributed it to embedding Lean and
simulation practices into their organizational culture,
fostering a mindset of continuous improvement among
staff and administrators.

Figure 10: Multi-Metric Trends in Lean and Simulation Impacts
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5 DISCUSSION

The findings of this study align with earlier research
emphasizing the effectiveness of Lean Healthcare and
simulation modeling in improving operational
efficiency. Similar to the results reported by Singh and
Prasher (2017), this review confirmed that Lean tools
like value stream mapping and simulation-based
scenario testing play a pivotal role in addressing
bottlenecks in hospital workflows. The reduction in
wait times and improved patient flow observed in 120
reviewed studies corroborates the findings of
Rouyendegh et al. (2016), who highlighted that Lean
interventions in emergency departments and outpatient
clinics significantly reduce delays. Furthermore, the
ability of simulation modeling to predict and mitigate
potential bottlenecks, as noted in the reviewed studies,
complements earlier research by Souza et al. (2020),
which identified simulation as a robust tool for
optimizing patient throughput. This study’s findings
reinforce the conclusion that operational efficiency
improvements are most effective when Lean and
simulation are integrated to address system-level
inefficiencies.

The financial benefits highlighted in this review,
including cost savings of up to 35% and ROI within the
first year of implementation, are consistent with the
literature. Rouyendegh et al.(2016) documented similar
cost reductions in hospitals that adopted Lean
principles, particularly in reducing inventory waste and
optimizing resource allocation. Additionally, Souza et
al. (2020) reported comparable savings in surgical and
pharmacy departments through Lean and simulation
integration, mirroring the findings of this review.
However, this study expands on earlier research by
providing a broader perspective, drawing from 150
articles that collectively illustrate the scalability of cost
savings across various hospital sizes and departments.
The review also aligns with Hussain and Malik (2016),
who emphasized the role of simulation in enhancing
financial efficiency by enabling hospitals to test cost-
effective operational strategies without real-world
disruptions.

The observed improvements in patient satisfaction
scores, ranging from 20% to 50%, resonate with earlier
findings in the literature. Bhattacharjee and Ray (2014)
noted that Lean-driven workflow improvements
positively impact patient perceptions of care quality,
particularly in settings where wait times are a
significant concern. Similarly, this review identified

substantial satisfaction gains in outpatient clinics and
emergency departments, consistent with the findings of
Souza et al. (2020), who reported enhanced patient
experiences due to reduced delays and improved
communication. While earlier studies have focused on
specific departments, this review provides a
comprehensive  view of patient satisfaction
improvements across diverse healthcare settings.
Moreover, it highlights that the combined use of Lean
and simulation offers unique advantages by addressing
both  operational and patient-centric  outcomes
simultaneously, a perspective less emphasized in prior
studies.
The improvement in resource utilization identified in
this study aligns closely with previous research. For
example, Rouyendegh et al. (2016) established that
Lean principles, such as just-in-time inventory and
process standardization, significantly enhance the
efficiency of resource allocation. The findings of this
review further validate these claims, as 130 reviewed
studies demonstrated resource utilization improvements
of up to 40% in areas such as staffing, equipment use,
and space management. This aligns with the results of
Souza et al. (2020), who emphasized that simulation
modeling complements Lean practices by allowing
hospitals to test resource optimization scenarios
virtually. However, this review adds depth by
identifying specific resource-related improvements in
surgical and pharmacy departments, illustrating the
versatility of these methodologies. The combined use of
Lean and simulation ensures not only operational
efficiency but also cost-effective resource management,
supporting the conclusions of earlier studies.
The variability in the success of Lean and simulation
approaches observed in this review reflects challenges
noted in earlier studies. Singh and Prasher (2017)
highlighted the importance of leadership and
interdisciplinary collaboration in determining the
effectiveness of these methodologies, findings echoed
in the 70 studies reviewed here that identified similar
challenges. This review also reinforces the conclusions
of Kaswan et al. (2019), who emphasized the
difficulties faced by rural and low-resource hospitals in
implementing Lean and simulation due to financial and
technological constraints. Additionally, this study
expands on earlier research by identifying a notable gap
in long-term sustainability studies. While earlier studies
like Improta et al. (2019) acknowledged the importance
of leadership and cultural integration, this review
highlights the limited focus on longitudinal outcomes,
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revealing a pressing need for more research into the
scalability and durability of these methodologies over
time.

6 CONCLUSION

This study highlights the significant contributions of
Lean Healthcare and simulation modeling to improving
operational efficiency, reducing costs, and enhancing
patient satisfaction in healthcare settings. By
synthesizing evidence from 190 studies, it demonstrates
that the integration of these methodologies effectively
addresses bottlenecks, optimizes resource utilization,
and fosters financial sustainability. The findings
confirm that Lean principles, when combined with the
predictive capabilities of simulation modeling, create a
powerful framework for addressing complex challenges
in hospital operations, yielding measurable benefits
across diverse healthcare contexts. However, the review
also identifies key gaps, including the limited focus on
long-term sustainability and the lack of research in rural
and low-resource settings, which remain critical areas
for future exploration. Despite these limitations, the
evidence underscores the transformative potential of
Lean and simulation approaches when implemented
with  leadership  commitment, interdisciplinary
collaboration, and a patient-centric focus. This
systematic review contributes to the broader
understanding of these methodologies, offering
valuable insights for healthcare administrators and
policymakers seeking to achieve efficiency and quality
in increasingly complex healthcare environments.
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